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Abstract 



Waiting time jitter is one of the main problems 
enccuntered in AIM networks as its amplitude (after 
filtering) can exceed those permitted by current 
standards. 

This document puts forward a method for reducing 
jitter which consists in transmitting the phase 
information from the plesiochronous source measured by 
a reference clock. This information is protected 
against transmission errors and cell loss. 

The results of the study show that it is possible 
to conform to CCTIT recommendation G.823 for all 
plesiochronous rates of the 2 Mbit/s hierarchy defined 
in reccmnendation G.702 by using as the reference 
deck either the 2 MHz synchronisation network or the 
future 155 MHz network provided by the synchronous 
systems (SDH) . 



Figure 1 is a schematic diagram illustrating the 
method at the transmitting end. The phase information of 
the plesiochronous source (X) measured by the reference 
clock (Hjjf) and the associated data are transmitted 
within one or more cells in the SAR-SDU field of the AAL 
- type 1 layer (cf CCTIT recommendation 1.363, under 
approval) . 
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1. mntCDDCTTCN 

The method for reducing jitter proposed in the 
present document uses a reference clock cannon to both 
ends. The plesiochronous source phase is measured by 
the reference clock and the phase information is 
transmitted within one or more cells in the SAR-SDU 
field of the AAL - type 1 layer. 

The plesiochronous rates used to calculate jitter 
were those defined in CCTTT recennendatico G.702 [1], 
Several different frequencies, 2, 8, 34, 140 and 155 
MBz, were used as the reference clock. In all cases 
studied, jitter amplitudes were lower than those 
considered in reoomnendaticn G.823 [2] . 

This document is divided into 5 chapters. Chapter 
2 summarises the method proposed. Chapter 3 gives the 
expressions obtained to represent jitter and jitter 
shape before and after filtering through a low-pass 
filter. The method for protecting phase information 
against transmission errors and cell loss is presented 
in chapter 4. 



f, plesiochronous source rale 

H^j reference clock 

X number of times IhaM/H^u contained in 1/H m 

Figure 1 : Schematic diagram of the method at the transmitting end. 

The value of M is selected according to the value 
of X. The value of N is selected depending on how easily 
the frequency divider can be implemented and in such a 
way that M + N can be divided by 47. 

In a CCm meeting France proposed that a 2-bytes 
field should be reserved to send the value X every 16 
cells, indicated by the cell number counter (SN) of the 
SAR layer returning to 0. Thus let's take M = 2 bytes 
and N = 750 bytes. 

At t he receiving end the information (X) is saved 
in a FIFO memory and compared with the output at a 
counter which is activated by the same reference clock 
as the one used at the transmitting end (H^). Each 
time there is equality a pulse is generated. The mean 
pulse period is N bytes. Figure 2 shows the schematic 
diagram of the method at the receiving end. 
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Figure 2 : Schematic diagram of the method at the receiving end. 

3. JinS RKPffiSHnMKK 

The jitter considered in this study is jitter 
results from phase differences between the 
plesiochrowis signal (f,) and the reference dock 
(Hjjf), and without jitter at the input. 

Signal Hj, is the frequency of N bytes. Referring 
to figure 1, it can be represented by : 

u H f» Jk. (1) 

The number of tines that the reference clock is 
contained in the frame is : 



X = ^ = 8N ^ (2) 

M fN '» 

The value of the counter is represented by : 

EX = noor(X) = f!oor( 8N ^ J < 3 > 

floor (z) :the largest integer less than or equal to z 
and the frame period (T,) is : 



8N 



(4) 



If f and Hj e£ are stable, i.e. no jitter or 
variation, jitter results from the difference in phase 
between f , and Hj ef and its value peak-to-peak <p-p) in 
unit intervals (ui) is represented by : 

iCf- 8(p - p)=T fc (5) 

In this case, the periodic form of the jitter 
will depend on the phase difference between the two 
signals due to the asynchrcnism. The counter will take 
two values EC and EC + 1. The mean value will be X. 

On the other hand, if the two signals vary 
according to their frequency tolerance, which is what 
happens in reality, jitter will result from the 
instantaneous phase difference between the two signals 
(as in the above case) and the variation in frequency 
of the two signals. 



If "p" and "q" are the relative variations of f a 
and H. et respectively the values of X will vary within 
the limits represented by X, 1X and X,j n 



ovi Hub lii 



x mi „ - 8N T 



H refo 1 - °. 



(6) 



(7) 



'.o 1 ♦ P 

L : mean rate of the plesiochronous source 
H^ fo : mean frequency of the reference clock 

with a mean value Xj = 8N(% e f 0 / f ao^ 

The counter values will vary between EC^ + 1 and 

EX miI = OooKx^,) < 8 > 

ex^ = fooKXmJ (9) 
This variation may thus be represented by : 



iin* 



dEX = EX™, + I - EX min 



(10) 



Jitter in ui resulting from the frequency 
variations of the two signals is represented by : 

g(p. P ) = dEX -jr^- < u > 

cowans : 

1 - With a 2.048 MHz ± 50 ppm reference clock : 

* If the plesiochronous source is 2.048 MHz (± 50 
ppm) the counter value will vary between ECj - 1 and EC,, 
+ 1 (2 ui) with EC, = 6000 (EXj : integer mean value of 
EC, see expression (15) ) . 

* If other plesiochronous sources are used (8, 34 
or 140 Mbit/s) the counter value will only vary between 
EL and EL + 1. However, peak-to-peak jitter will be 
about 4. 16 and 68 ui for the 8, 34 and 140 Mbit/s 
sources respectively. 

2 - With a 155.52 KHz reference clock : 

* EC will vary more, especially for 2 and 8 Mbit/s 
sources. However, peak-to-peak jitter in ui will be much 
smaller than in the above case. 

3 - Since the counter takes a limited number of 
values around EX,., only the difference with EX, can be 
transmitted instead of the value itself. 

3.1 Jitter representation in the time domain 

Signals f, and vary within their tolerance 
limits (this variation is usually very slow). As a 
result, the values X, EC and T, defined in expressions 
(2) , (3) and (4) will also vary- 
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If the integer mean value of EX is defined as 
follows : 



EX„ = floor 



(12) 



the variation of EX in relation to the mean value 
will be : 



dX = ex - EX„ 



(13) 



Note that dX is different from dEX as defined in 
(10) as dX represents the variation of the counter 
each time N bytes is read (in relation to the mean 
value of SO, while dEX represents the maximum 
variation of EX. thus, the maximum value of dX is 
dEX/2. 

To represent jitter signal in the time donain, 
phase difference between the frame period (T,) and the 
period represented by EX times the reference clock 
(EX/Hjjf ) mist be determined. 



t ■ « t 

tttt«tttt 



EX-2 EX- 1 EX EX«1 
SI S2 



Figure 3 : Phase difference between EX/H re( and T m 

The phase differences are represented by (see 
figure 3) : 



il - T ro - EX jJ- 



«2 



SI 



(14) 



(15) 



Let's calculate T 0 , the mean time it takes the 
phase difference to coup back to its initial value (it 
means the counter changes value, e.g. from EXq to 
EXj + 1) . This is illustrated in figure 4. 



t 



t 



t 



t 



t 



0 1...EX EX.! 1...EX ■fEJcV^J 

„ 1...EX EX.1 "a" 1...EX EX.1 



1/M* 



t1 S2 



SI 82 



Figure 4 : Variation in phase difference between EX/H^, and T m . 

It can be seen from figure 4 that phase 
difference 41 increases while 42 decreases. 



Toe same demonstration can be used An j t 
decreases and 42 increases. In our example the initio 
value of 41 is smaller than 62 and its stlue ^ 
1/3(1/H. ef ). It can be observed that T 0 = 3T..lnere 
thus a relation between T 0 and the initial value of ii. 
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The relative value of phase difference can be 
represented by : 



61 

i 



(D) 



Thus, the value of T Q represented in (10 is as 
follows : 



l T 



The phenaDenon is analogous to a justification 
process with "f" as the justification rate, i.e. if 
f = h/k (h and k being prime numbers) the counter value 
will change from EXj to EKj + 1 (if 41 < 42) 'V number 
of times during "k" T, periods. 

The values of T 0 and r represented by &&) and 
(17) can be also calculated with 42 insteai of (1 
if 42 < 41. 

Waiting time jitter is represented by [4] : 

♦(t) = pt - floor[p floor(t)] (19) 

The slope is represented by "ft" and the 
justification by floor If floor (t)]. 

Expression (19) can be used to represent jitter 
resulting from phase differences between f a md H re f. 
The expressions which represent jitter in ui vary 
according to the values of 61 and 42 (41 < £2 or 
il>42). 

Thus the following expressions are obtained : 

a) 41 <42 

♦(t) = ft^{dX + P* - f<x>r[ P floorM] ) (20) 

b) 42 <ol 

♦(t) = TJ*-(<1X + 1 - pt + floorCp floor(t)]) (21) 

A number of calculations were performed with the 
aid of expressions (20) and (21) . Figure 5 shows jitter 
for three dif ferent signals. It shows jitter resulting 
from the phase difference of signals f a and ftVef (see 
curves a, b and c) and jitter resulting from the 
frequency variation of the two signals (from a to b and 
b to c). Note that in reality jitter does not vary 
abruptly from one level to another since the frequency 
variation of the signals is not instantaneous as 
depicted in the simulation. 
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Tin* in seconds 



a b c 

Figure S : Jitter in ui for : 

a • H rcf " 2 - 048 0 " 50 * 10*) MHz f, = 2,048 (1 + 20 x Iff 6 ) Mbit/s 
b- H ref ° f i 0'i««r = 0) 

c - H ref = 2,048 (1 + 50 x Iff*) MHz f. = 2,048 (1 - 50 x Iff 6 ) Mbit/s 

The value of e is used to modify graphics 
resolution. Variable t must therefore be replaced by 
(t/t>) in expressions (20) and (21) . On the other hand, 
note that time (t) in expressions (20) and (21) is 
penalised in comparison with T, . 
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Figure 6 : Jitter in ui for : 

a - H^ = 155.52 (1 - 15 x Iff 4 ) MHz f, = 2,048 (1 + 50 x Iff 6 ) Mbit/s 

b • H rrf = 155 ' 52 0 * 15 x ,(r6 > MHz f . = ^ m (1 - SO x Iff 6 ) Mbit/s 
c - H^ = 155.52 (1 + 15 x Iff 6 ) MHz f, = 2,048 (1 - 50 x Iff 6 ) Mbit/s 




Figure 6 illustrates a case in which the reference 
dock is tuned to 155 MBz. To observe jitter resulting 
solely from the difference in phase of the two signals 
which are assumed stable, let dX = 0 in the expressions 
(20) and (21). Figure 7 shews jitter represented in 
figure 6 for dX = 0. 



3.2 Jitter filtering 

The low-pass filter used for the simulation is 
represented by the transfer function for a phase locked 
loop: 



H(0 =» 



a : cut-off frequency 



(22) 



when the signal is set to 2 Mbit/s and the 
reference clock tuned to 2 MHz the maximum jitter peak- 
to-peak is 2 ui. In the case of other plesiochronous 
sources (8, 34 and 140 Kbit/s) the maximum jitter peak- 
to-peak is 4, 16 and 68 ui respectively. The problem is 
now to evaluate the low frequency jitter as it is more 
difficult to filter. 

Figure 8 shows the low frequency envelope (If) of 
the jitter from a 140 Mbit/s source and a 2 MHz 
reference clock. The expression representing the If 
envelope of the jitter must now be found. 
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Figure 8 : LF envelope of jitter : g^ - 0.34 ui, T, = 0.0806 sec 



The IF envelope of the jitter is a sawtooth signal 
(see figure 8) with a slope Consequently, the 

relative phase difference expressed in (17) can be 
r epresented by : 



(23) 



and the additional amplitude in ui provided by "6" has 
the value : 



8m = k H 



rtf 



(24) 



Figure 7 : Jitter in figure 6 for dX - 0 



The period of envelope II in terms of the number 
of frames is represented by : 
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N| °E (25) 
and the period in seconds by : 

T « - N > T m (26) 

it -JXU^ ^ foUcwil « egression represents the 
If envelope of the jitter in ui : 



♦b(t) 



"ref 



noor(tkc)] ^- (27) 



ry toe If envelope must now be found. Aanrdiiw t-n 
agression (24) the maximum value of n JSta 
^^lest^lue of * and the grefteS SV™ 
^Uon f,A f . The greatest frequency relation 

calculated was 25. Ihe period of the if iitter 
envelope will vary depending cn the value seLi £ 

C • 

figure 9 shows the variation in the peaJrto-eeak 
ff^mt*? fLST*" (3fter ^ter^vTS 
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Figure 9 : 



Amplitude (p-p) | of the LF jitter envelope according to frequency 
21 : 8™?^ filter cut-off frequencyof liHi ,ret l uenc y- 
02 : graphic with filter cut-off frequency of 1 5 Hz 



Figure 10 shows the amplitude variations 
acceding to frequency of the If jitter envelop 
« terfiltenna with filter cutoff frequency of 15 

ST dSrii • ^ of jitter used^ 

JJ- .» W. Witude of ^SS pea5SS 
forUaa frequency is 0.01 ui (lower thantteTlT 

O^.f' 0» anjplitude of jitter peak-to-peak2 
i f i) freqUenCy <* 20 te (always W th£ 



Amplitude i„ „i 




2.76 



Figure 10 
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4. IWIffiTICH iGUJGT TOWCWSSICH HBCRS AND CHi JXE5 

. , ^. °» Htftes field reserved for sending clock 
information the following subf ields must baprSSJ h 

- the mnber of bits needed to represent K 

"Ur^ff 01 MtSneededtodetect and, if necessary 
correct transmission errors «=«=«»«y, 

" tatSTStt.* bitSDeededt0 ^anatico lost 

oTSL^^t represents ***** 

If the absolute value of BC is used, errors due to 

the period (y following the appearance of the erroT 
The receiver cooter must be initialised after a to 
perwd tag enough for the network transfer time tote 
taken into account. w 

In order to detect and correct transmission errors 
ureal time the number of bits used to^S?t^ 
B must be reduced. This means using theTTSlufS 
« *«5 • cf expression (12)) and value dX <rf 
expression (13)) and resetting the counter to^erof 

will JUS? SUffi ° eS . to ^ ti» variable <R which 
"HI be added co reception to the fixed value . 

(vith rsir-w £ii oTS m 

XTJ'S ^ ( ^ ^Me^ufis^ 

5 The -10 i ?r lati t r e) ^ **** * « 

win ne l, 0 or 1. it can be seen that in the lan-w- 
case only 2 bits are needed to represent t£ vat, S £ 
that the remaining bits can be used to protect £ 

«i « « (with a maxlffiU!n tolerance of 20 ran) the 
vata of dX will vary between -32 and 32, and 6Wt's « 
needed to represent these values. 
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If tbe maxima number of bits is 8 to represent 
,jX (tbe other 8 bits will be used to protect against 
the cell loss), then we can detect transmission 
errors. 

Tbe cell loss problem remains to be resolved, as 
if tbe lost cell contained dX information there will 
he a fixed phase error. This phase error can be 
corrected by the receiver phase-locked loop; however, 
ix other cells (containing dX information) are lost 
before the loop is able to correct it, the phase error 
w ill accunulate. To prevent this, phase errors must be 
corrected as quickly as possible by sending in 1 byte 
tbe current value of dX and in the other tbe previous 
value of dX in order to verify each tine if there has 
been an error and, if so, to correct it. This method 
also provides extra protection against transmission 
errors. 

Figure U is a schematic diagram illustrating tbe 
method at tbe transmitting end and figure 12 the 
Betbod at the receiving end. 



f. — > *8 



IN 



y 




> 




vacnvt 




USJ 


0AV1 


dX(t-i) 




(K(l) 








I 



MZ 
COUNTS* 



„ V . - 



M = 2 bytes 

dX(t) 
dX(l-l) 
RAZ 



N = 750 bytes 

Mean value of EX 
Current value of EX 
Current value of dX 
Previous value of dX 
React 



Figure 1 1 : Schematic diagram of transmitter 
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5. OJTUriKttS 

The perf ormance of a transport network can be 
measured using several parameters as the end to end 
error rate, transfer! delay or output jitter. Tbe result 
can be very negative on tbe service if these parameters 
are not well manag ed. The jitter created in a transport 
network using asynchronous transfer mode can be 
important and increases with the number of nodes. Tbe 
proposed method gives a new approach to get rid of the 
jitter created and its performances are independent of 
the number of nodes in tbe network. So using this method 
the AIM network operator can guarantee jitter 
specification to the client. 

The method presented above, which uses a reference 
cecum to both ends, reduces jitter, incl udi n g waiting 
time jitter, caused by the ATM network. The need to have 
a reference cannon to both ends poses the problem of how 
to transfer the reference clock. It is possible at 
present to use the 2 Mbit/s synchronisation network and 
it will in the future be possible to use the 155 Mbit/s 
synchronous systems (SEH). 

This document shows that both solutions are 
suitable for all rates in the plesicchronous hierarchy 
based on the 2 Mbit/s ( reo c amen d a tion G.702) . In all the 
cases studied, residual jitter conforming to the 
amplitude specified in recannendatico G.823. 



In addition, this method protects the 
information of the plesiochrcoous source (dX) 
transmission errors and cell loss. 
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Figure 12 : Schematic diagram of receiver 
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